1. Discuss the pitfalls of relying on an IQ/Achievement discrepancy model, or a student's Response To Intervention, as the sole basis for identifying reading disorders in young children.
(1) The younger the child, the better the outcome.
(2) The "at-risk" child responds best to small group instruction (3:1), with phonological awareness training being combined with explicit phonics instruction. (3) Highly trained teachers achieve the best results. (4) Frequency of instruction (4-5 days per week) was more effective than sporadic instruction (2 days per week). (5) Gains were maintained in most children at long-term follow up. (1) Readers at this age respond to explicit phonological instruction with improved word reading, the gains were not as strong as with younger children. (2) These readers were less responsive to explicit phonics, though did better in oneto-one or small group instruction. (3) More intensive work for a longer duration was required. (4) Spelling and fluency did not improve very well, though some improvement was noted with reading comprehension. (5) Gains were maintained in most children at long-term follow up.
(6) Computer instruction served as an effective aid, but was not effective by itself. (7) The following characteristics of the child were associated with poor outcome: a) attention or behavioral concerns b) low socioeconomic status c) poor verbal skills d) poor rapid naming skills
NEUROPSYCHOLOGY: A BRAIN/BEHAVIORAL APPROACH
Evolution of Reading: * Encompassed just the past 5000 to 6000 years * Approximately 1/3 rd of world's population illiterate * Human beings seem pre-wired to acquire sound/symbol language code. * Some estimates suggest 75% of children will learn to read in spite of methodology (Mather, 1992) . * 20 % of children need a specific method (e.g. Alphabetic Phonics) * 5 % may never acquire this skill at a functional level Neuropsychology: An analysis of learning and behavior which examines brain-behavior relationships. The underlying assumption is that the brain is the seat of ALL behavior; therefore, knowledge of cerebral organization should be the key to unlocking the mystery behind most cognitive tasks.
GENERAL BRAIN STRUCTURES

Brain:
* Weighs approximately 1400 grams ( 3 pounds) * 100 billion cells comprised of neurons (gray matter) and glial cells (white matter) * Each neuron makes contact with as many as 10,000 other neurons. * The firing rate of a neuron ranges from a few to several hundred per second. * Makes up less than 2 percent of body weight, though uses up 25 percent of oxygen supply and 70 percent of glucose. * DNA evidence suggests human brain has been evolving for approximately 5 million years.
Neocortex: Frontal Lobes -organizes and arranges information leaving the brain. Parietal Lobes -responsible for sensory and tactile functions. Temporal Lobes -houses acoustically based information and language Occipital Lobes -visual processing centers of the brain.
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Fast Facts: * Prenatal malnutrition causes more permanent harm than postnatal malnutrition because it slows the proliferation rate of cells (Byrnes, 2001) . Postnatal malnutrition hinders cell connections and myelination process. Enriching diet can ameliorate the problem. * More synapses present in brain by age 6 than any other time (Stahl,2000) . * 83 percent of dendritic sprouting occurs after birth (Berninger & Richards, 2002 ) * Ectopias represent misplaced clusters of neurons along the left perisylvan regions modulating rapid sound and symbol processing. Ectopias may be related to prenatal alcohol and nicotine consumption, as well as genetic scripts. These focal malformations have been found in fMRI studies of the dyslexic brain (Galaburda & Cestnick, 2003) .
STAGES OF BRAIN DEVELOPMENT:
I. Proliferation -cells proliferate and divide in the developing fetus from an inside to outside fashion. The cortex overproduces neurons, with production ending by 7 th prenatal month -maybe 1 trillion formed at a rate of 250,000 cells per minute (Byrnes, 2001 ).
II. Migration -cells migrate to appropriate location in the brain. a) Aggregation -cells cluster into nuclei, like thalamus. b) Arborization -thickening of dendrites as cells interconnect. III. Differentiation -First 2 or 3 years postnatally, neurons continue to subdivide forming an overabundance of synapses. This overproduction appears to help children recover from brain damage more easily than adults (plasticity). Pruning -many more neurons create synaptic connections and functional circuits than are needed. For maximum efficiency on a task, cell death or axonal retraction is essential. Perhaps 50 to 90% eventually die (apoptosis) leaving the mature brain with 100 billion neurons.
Auditory Pruning -every child is born with the ability to discriminate all sounds. However, based upon exposure to cultural specific dialects, a child becomes tuned to only sounds from host language. Explains why children born in another country continue to have foreign accents if brought to the United States past age five. 
KEY BRAIN CONCEPTS WITH RESPECT TO READING SUMMARY:
There are certain windows of opportunity for learning based upon the developing nervous system, brain growth spurts, and subsequent myelination. Sensory experiences are essential for teaching brain cells their jobs, and after a certain critical period, brain cells lose their opportunity to learn their jobs (Kotulak, 1997) . For instance:
Vision: * If a child does not process visual experiences by age two, the sense of sight may never develop properly.
Hearing: * If a child does not hear words by age 10, it becomes increasingly difficult to discriminate among the sounds of a language. 
THE TIMING OF LEARNING
CHARACTERISTICS OF READING DISABLED CHILDREN:
SUBTYPES OF DYSLEXIA
1. Phonological Subtype -Great difficulty using phonological route in reading, so visual route to lexicon used. There is little reliance on letter to letter sound conversion. Instead, an over-reliance on visual cues to determine meaning from print.
Anatomical Correlates: Left temporal-parietal cortex
Interventions: Similar to the National Reading Panel's (2000) findings, there is
KEY BRAIN REGIONS IN DYSPHONETIC DYSLEXIA
Heschl's Gyrus -auditory perception and discrimination (phonemic awareness).
Superior Temporal Gyrus -modulating the 44 phonemes of the English language.
Angular Gyrus -cross modal association area underlying mapping symbols to sounds.
Supramarginal Gyrus -cross modal association area underlying the spatial appreciation and positioning of sounds.
Inferior Frontal Gyrus -end point for inner articulation region.
Dorsal Stream -all of the aforementioned structures involved in the ability to phonologically assemble a word. A relatively slower paced learning network. (1) Angular gyrus: Goldberg (1989) reasoned that some reading and writing deficits may occur due to the disintegration of visual and spatial representations in our brains. Areas of the occipital lobe (processing vision) and the parietal lobe (processing spatial awareness) intersect in the inferior parietal region known as the angular gyrus (interface of occipital and parietal lobes). In the left hemisphere, this region of our brain allows for the appropriate visual-spatial mapping of linguistic information.
Heschl's Gyrus Superior Temporal Gyrus Angular Gyrus
Supramarginal Gyrus
Inferior Frontal Gyrus
(2) Insular Cortex -buried deep in the folds between parietal and temporal lobes. PET studies have suggested involvement in automatizing the reading process (Paulesu, et al, 1996) May serve as a "lexical checking" system to allow readers to double check for unique spelling of phonologically consistent words (Owen, Borowsky, & Sarty, 2004) . (4) Magnocellular pathway deficits have been linked to speed of temporal lobe processing (Demb, Boynton, & Heeger 1997) . Some studies suggest 27% fewer neurons in magnocellular pathways from retina to LGN to occipital lobes (Livingstone, et al., 1991) .
* Some studies have linked deficits in this circuitry affects up to 75 percent of dyslexics (Ridder, Borting, Coope, McNeel, & Huang, 1997) .
* Magno (large) cells are heavily mylinated meaning they have much higher conduction velocities than parvo cells, which process color and fine detail. Magno cells process visual motion, and motion sensitivity correlates strongly with reading and orthographic processing (Stein, 2000) .
* Reversals: According to Stein (2000) , most dyslexic children complain that letters seem to jump around when reading. During the reading process, the eyes remain fixated on an individual word for just 300msec before saccading to the next. Even during these brief fixations, the eye moves approximately 1 degree, or the equivalent of 4 or 5 letters. The magnocellular system allows us to stabilize this movement, but many dyslexics cannot, therefore transposing letters when reading. This unintended eye movement varies in each eye, thus resulting in a high level of binocular instability. Since this instability causes the line of sight for each eye to cross into an unintended visual field, the letters seem to change places.
MIXED DYSLEXIA
3. Mixed Dyslexia -severely impaired readers with characteristics of both phonological deficits as well as visual/spatial deficits. These readers have nousable key to the reading and spelling code. Very bizarre error patterns observed.
Structural Explanations:
(1) Some studies (Hynd, Hall, Novey, Eliopulos, Black, Gonzalez, & Edmonds, Riccio, & Cohen, 1995) have suggested that the genu of the corpus callosum is much smaller in dyslexic individuals. Duara et al. (1991) noted the most posterior region of the corpus callosum, termed the splenium, (which maps directly to the plana temporale) was actually larger in dyslexic men than controls.
(2) According to Bakker (1992) , by the end of 1 st grade there is a hemispheric shift of reading mediated primarily by the left hemisphere. Mixed dyslexia may reflect deficits in the ability of the brain to shift modes of operation.
(3) Multiple breakdowns in both the phonological route (superior temporal gyrus) , the automatic word recognition route (fusiform gyrus), and the semantic route (frontal lobes) may lead to mixed dyslexia.
(4) According to Pennington et al., (1999) the insular cortex, which has been associated with the automatic retrieval of linguistic codes, is smaller in dyslexics. Neuroimaging studies have demonstrated that dyslexics do not activate this brain region when compared to controls (Corina, Richards, Serafini, Richards, Steury, Abbott, Echelard, Maravilla, & Berninger, 2001 ).
KEYS TO REMEDIATION
(1) Balanced Literacy -An eclectic and approach capitalizing on the particular strengths of the child. Perhaps using a multi-sensory type of Orton-Gillingham program, coupled with a fluency model such as Read Naturally, and the computerized models of Read 180. Program depends upon the age, skill level, and neurodevelopmental profile of the child.
(2) Top Down Strategies -Often atypical development in various regions along the left temporal-parietal cortices responsible for modulating the phonological aspect of reading, and mapping these sounds to the visual word form association areas (Temple, 2002; Shaywitz, et al, 2003; Noble & McCandliss, 2005) .
(3) Socioeconomic Status -According to Noble and McCandliss (2005) , socioeconomic status (SES) is a very strong predictor of reading skills due primarily to the home literacy environment. Therefore, schools need to provide more reading opportunities.
(4) Motivation and Confidence -Great Leaps, Read Naturally, and Neurological Impress tend to give immediate feedback to students that they are improving, and can be used as a confidence builder as well.
